Abstract. The atmospheric in¯uence on the Earth's, rotation can be described by the eective atmospheric angular momentum (EAAM) functions. In this study we focus on the analysis of short period variations of the equatorial components of the zonal EAAM excitation functions v 1 and v 2 and their in¯uence on similar variations of polar motion. The global objective analysis data of the Japanese Meteorological Agency for the period 1986±1992 were used to compute the EAAM excitation functions in dierent latitude belts. Time-and latitude-variable amplitude spectra of variations of these functions with periods shorter than 150 days, containing pressure, pressure with the inverted barometric correction, and wind terms were computed. The spectra show distinct latitude and time variations of the prograde and retrograde oscillations which reach their maxima mainly in mid-latitudes. Prograde and retrograde oscillations with periods of about 40±60 days and about 110±120 days are seen in the spectra of pressure terms of the equatorial components of the zonal EAAM excitation functions. Additionally, correlation coecients and cross-spectra between variations of the geodetic polar motion and equatorial components of the zonal EAAM excitation functions were computed to identify the latitude belts of the globe over which atmospheric circulation changes are correlated mostly with short period variations of the polar motion excitation functions. The correlation coecients vary in time and latitude and reach maximum values in the northern latitudes from 50 N to 60 N. In the cross-spectra between the polar motion excitation functions and pressure terms of the zonal EAAM excitation functions there are peaks of common prograde oscillations with the periods around 20, 30, 40±50, 60 and 80±150 days and of common retrograde oscillations around 20, 30, 40 and 50±70 days.
Introduction
Atmospheric in¯uences on the Earth's rotation are described by the EAAM excitation functions (Barnes et al., 1983) . These functions can be partitioned into contributions from zonal winds w and surface pressure p. If we assumed that the ocean responds to the overlying atmospheric pressure completely isostatically, as an inverted barometer, the barometric correction i is invoked (Munk and McDonald, 1960) . The atmospheric perturbations of the polar motion can be expressed by equatorial components of the EAAM excitation functions v 1 and v 2 , the axes v 1 and v 2 are directed along the Greenwich Meridian and 90 E. respectively (Barnes et al., 1983) . The atmospheric contributions to the short period oscillation to the short period oscillations of the polar motion in time scales from several weeks to several months and amplitudes ranging from 2 to 10 mas have been shown by many authors (Barnes et al., 1983; BrzezinÂ ski, 1987; Chao, 1993; Eubanks et al., 1988; Hide and Dickey, 1991; Kosek et al., 1995; Kuehne et al., 1993; Nastula, , 1995a Nastula et al., 1990) . Several authors demonstrated that these correlations vary with time (Kuehne et al., 1993; Nastula, , 1995a Kosek et al., 1995) .
Until now the relationship between the variations of regional EAAM and polar motion excitation functions has not been known so well as the relationship between the variations of global or hemispheric EAAM excitation functions and the Earth's rotation, although the equatorial components v 1 and v 2 of some regional EAAM excitation functions were determined in the past (Salstein and Rosen, 1989; Nastula, 1995b) . To derive such data access to a huge amount of grid point data is necessary. The analysis of the regional EAAM excitation functions has shown that their pressure components, computed over dierent Earth surface regions, can be useful in studies of regional contributions to global phenomena. For example, strong variations of surface pressure found over the North Atlantic and North Paci®c, lead to the conclusion that these areas are important in studies of polar motion variations over intraseasonal time scales (Salstein and Rosen, 1989) .
Time-and latitude-variable spectra of variations of the zonal EAAM excitation functions were computed in order to ®nd the importance of dierent latitude belts in producing the EAAM excitation functions.
Our analysis of correlation coecients dier from the previous investigations mainly in the use of zonal instead of global EAAM data. In addition, the analysis shows for the ®rst time the latitude-and time-variable variations of amplitudes of zonal EAAM short period oscillations, separated into prograde and retrograde parts. For these computations the new Fourier transform band pass ®lter (FT BPF) spectrum method of complex-valued time series was applied (Kosek, 1995; PopinÂ ski and Kosek, 1995) .
Computation of the zonal EAAM excitation functions
The global and hemispheric values of the EAAM excitation functions are routinely issued by the Japanese Meteorological Agency (JMA) at 12 or 6 h intervals (Naito et al., 1987; Salstein and Kann, 1993) . In practice, three components of the EAAM excitation functions, two equatorial ones v 1 , v 2 , and one axial one v 3 , are computed by dierent meteorological centers. For studies of latitude variations of the EAAM excitation functions we computed homogeneous sets of equatorial components of the zonal EAAM excitation functions for dierent latitude belts using the formula given by Barnes et al. (1983) . For these computations the Global Objective Analysis Grid Point data (GANL), routinely determined and stored by the JMA (Naito et al., 1987) , were used. The characteristics of the GANL data are shown in Table 1 .
The zonal EAAM excitation functions v 1 and v 2 were computed in latitude belts of 22X5 latitude width for the years 1986.7±1992.6 (Fig. 1 ) and in latitude belts of about 2 latitude width, covering the whole globe for the years 1988.3±1992.6 for 00 and 12 UTC (Fig. 2) . These functions contain the pressure ( p nib), pressure with inverted barometric correction ( p ib), and wind w terms. The new topographic model, based on the Global Digital Terrain Model (TUG87), was adopted (Sunkel and Wieser, 1987) .
Some examples of variations of the computed equatorial components of the zonal EAAM (JMA) excitation functions are presented in Figs. 1 and 2. In the northern latitude belts a distinct annual oscillation in v 1 , v 2 and especially in the pressure terms can be seen (Fig. 1) . The amplitudes of the wind terms in each of the eight latitude belts of 22X5 latitude width are several times greater than the amplitudes of the pressure terms. In the case of the whole hemispheres the situation is opposite: the amplitudes of the wind terms are several times smaller than the pressure term amplitudes (Nastula, 1995a) . It is obvious that in the global EAAM excitation functions the zonal wind variations cancel each other while the pressure variations act in concert.
There is a characteristic large positive maximum in the pressure terms of v 2 in the Northern Hemisphere, either modi®ed or not by inverted barometric correction, and a smaller negative minimum in the Southern Hemisphere (Fig. 2) . The v 1 components have smaller maxima than v 2 and similar amplitudes in the Northern and Southern hemispheres. The wind terms of v 1 and v 2 reach similar maximum values in the northern and southern mid-latitudes.
3 Latitude-and time-variable spectra of short period variations of the zonal EAAM and polar motion excitation functions
In this section latitude and time variations of the zonal EAAM excitation functions of the complex-valued vector v v 1 iv 2 are analysed.
To investigate short period oscillations of the zonal EAAM excitation functions the long period oscillations were removed using the Butterworth high pass ®lter (HPF) with a cuto period of 150 days (Otnes and Enochson, 1972) .
To compute the latitude-and time-variable spectra of short period v oscillations the method of the FT BPF spectrum complex-valued time series was applied (Kosek, 1995; PopinÂ ski and Kosek, 1995) .
Latitude-variable spectra
In this case the latitude-variable spectrum estimation is given by the following formula (Kosek, 1995; PopinÂ ski and Kosek, 1995) :
where x is the number of points, x f 10 is the number of points to be cut o at the beginning and end of time series due to ®ltration errors, u /Yt p À1 p v /Yt e Y f is a complex-valued oscillation with a period computed using the FT BPF from the zeromean v /Yt time series, corresponding to a particular latitude zone /, and e Y f is the parabolic transfer function in which the ®lter bandwidth f 0X006 was adopted (PopinÂ ski and Kosek 1995; Kosek 1995) . The parameter f de®nes the frequency resolution of a spectrum.
A single spectrum point is the variance estimate of a complex-valued oscillation computed using the FT BPF. The square root of these variances is an`amplitude spectrum' which is proportional to the mean amplitude of a complex-valued oscillation (Kosek, 1995) . An oscillation computed using the FT BPF from a complex-valued time series v is called prograde for b 2Dt and retrograde for `À2Dt, where Dt is the data sampling interval. Prograde and retrograde oscillations in the computed spectra correspond to counterclockwise and clockwise polar motion, respectively. In Fig. 3 the computed latitude-variable FT BPF amplitude spectra of the complex-valued vector v are presented. Distinct latitude dependence of their amplitudes are clearly visible, with maxima mainly in midlatitudes. This result is due to the fact that the centers of maximum variability in surface pressure are located in mid-latitudes, which are attributed the highest weight in the calculation of v (Salstein and Rosen, 1989) . Latitude-variable amplitude spectra of the wind terms v w are several times greater than those of the pressure terms v pni in their prograde and retrograde parts (Fig. 3) . In the case of the whole hemispheres, where the latitudevariable amplitude spectra of the pressure terms are much stronger than those of the wind terms, the situation is the opposite Nastula , 1995a .
Generally, the prograde and retrograde parts of latitude-variable amplitude spectra of the zonal v in the considered period ranges have a similar power. Both prograde and retrograde parts of these spectra are a little greater in the Southern than in the Northern Hemisphere. The maxima of the amplitude spectra of the pressure terms in the retrograde and prograde parts occur for 40±60 day and 110±120 day oscillations in the latitude belts of 40 N±50 N and 40 S±60 S (Fig. 3a) . When the inverted barometric correction in the pressure terms are added then the latitude-variable amplitude spectra decrease, especially in the Southern Hemisphere.
In the considered spectral range the spectra of the wind terms amplitude are more variable than the pressure term spectra mentioned already (Fig. 3b) . These spectra show prograde and retrograde oscillations with the periods of about 40±60 days and 80±110 days and the amplitude maxima near 40 S±50 S and 40 N±50 N.
Time-variable spectra
In addition to latitude-variable amplitude spectra, the time variabilities of short period oscillations of the v component of the zonal EAAM excitation functions with periods shorter than 150 days were analyzed. The computations of time variable amplitude spectra were made for 4 zones selected out of 8 i.e., for two northern 22 X5x À 45 NY 45 N À 67X5 N and two southern 45 S À 67X5 SY 22X5 À 45 S belts. These zones were chosen because the latitude-variable amplitude spectra have maximum values in these regions. Most of the northern zones are land areas, covering Europe, Asia with part of Siberia, North America and part of northern Atlantic and Paci®c. The southern belts are dominated by mid-latitude southern Paci®c.
The method of the FT BPF spectrum was applied again as for the latitude-variable spectra. In this case the time-variable spectrum estimation is given by the following formula (Kosek, 1995) :
where u /Yt is de®ned as in Eq.
(1) and m j aDt is the number of data within a time interval j aDt for which j 2 was adopted (Kosek, 1995) . Setting j 2 gives the best time resolution of the time-variable spectrum. An increase of j diminishes the time resolution but increases the spectrum accuracy. Examples of time-variable amplitude spectra of the pressure and wind terms of v for the mid-latitude belts, which give the most important contribution to the EAAM excitation functions, are presented in Fig. 4 .
In these time-variable amplitude spectra of the pressure terms of v for the Northern Hemisphere there are distinct prograde and retrograde oscillations with periods of about 40±80 days and 30±60 days, respectively (Fig. 4a) . The amplitude spectra for the Southern Hemisphere are smaller (Fig. 4b) .
These oscillations have a distinct annual modulation in mid-latitude belts 22 X5N±67 X5 x , visible in Fig. 4 , for the latitude belts of 45 N±67 X5x . There are similar oscillations in the amplitude spectra of the pressure with inverted barometric correction terms but they have amplitudes several times smaller in the northern belts and are almost negligible in the southern ones.
In the time-variable amplitude spectra of the northern wind terms we can observe 30±70 day prograde and 30± 70 day retrograde oscillations (Fig. 4c,d ). The strong prograde oscillation with a period of about 40±70 days dominates in the southern wind terms of time-variable amplitude spectra, although the peaks are spread out to 100 day period. Annual variations of these oscillations are visible. In the considered spectrum range the timevariable amplitude spectra of the wind terms have higher amplitudes than those of the pressure terms, similarly to the latitude-variable amplitude spectra discussed already.
Correlation and cross-spectra analysis

Correlation coecient analysis
In order to ®nd a quantitative estimation of interactions between the zonal EAAM and geodetic excitation functions, correlation coecients between them were computed. The geodetic polar motion excitation functions were computed using the modi®ed Wilson and Haubrich time-domain deconvolution formula (Wilson and Haubrich, 1976 ) from the CSR(93L01) pole coordinate data (Center for Space Research-CSR). In this computation we adopted a Chandler period of 435 days and a damping coecient of 100. To remove long period oscillations the computed geodetic polar motion excitation functions were ®ltered using the Butterworth HPF with a 150-day cuto period.
Correlation coecients were computed over a quarter of a year interval, shifted by one eighth of a year through the whole time span of the data. There are about 30 independent points, per one interval and the correlation coecient of 0.32 is signi®cant at the 95% con®dence level according to the Student's table. The time-variable correlation coecients between the equatorial components of the geodetic and the zonal EAAM excitation functions were computed for the pressure, pressure with inverted barometric correction, and wind terms. These correlation coecients vary with latitude and time. Some examples of variations of correlation coecients between the pressure or wind terms of v 2 components of the zonal EAAM and geodetic polar motion excitation functions are presented in Fig. 5 .
The highest positive correlation occurs in the case of the pressure terms, either modi®ed or not, by the inverted barometric correction. These correlation coef®cients reach maximum values of 0.5±0.72 for v 2 and 0.5±0.71 for v 1 . The absolute values of these correlation coecients for the negative extremes are generally smaller than for the positive ones, and they very rarely exceed 0.5 for both v 1 and v 2 components. The values of correlation coecient for the wind terms have a random character and the variations of the regional wind terms do not seem to be important for the excitation of polar motion.
Three maxima of these correlation coecients, for the pressure terms modi®ed or not by inverted barometric correction, occurred during the winters of 1989, 1990, and 1991 . They took place in the latitude zones from 65 N to 40 N (Fig. 5a ). The extreme values of these correlation coecients occur in the latitude between 40 N and 60 N with the maxima of 0.5±0.7 around 50 N±60 N. For the pressure terms meaningful correlation occurs in the Northern Hemisphere (Fig. 5a) . The contribution to the correlation coecient from the Southern Hemisphere is much smaller; this correlation coecient very seldom exceeds 0.5 for both v 1 and v 2 components.
As was already shown, the EAAM excitation functions, being the sum of the pressure terms with the inverted barometric correction and the wind terms, is mostly correlated with the geodetic polar motion excitation function (Nastula 1995a . Unfortunately, analysis of such a sum is possible only in the case of hemispheric or global variations of EAAM excitation functions. In the case of zonal belts the wind terms dominate in such a sum and its analysis becomes in eect an analysis of the wind terms.
Cross-spectra analysis
A correlation analysis does not give any information about the dependence of the correlation coecient on frequency. It can be only revealed by cross-spectra. For this analysis the method of the FTBPF cross-spectrum of complex-valued time series was applied (Kosek, 1995) . Here the cross-spectrum estimation between two complex-valued time series v q and v pni or v w is given by the following formula:
where u /Yt is the output computed using the FT BPF from the complex-valued zero-mean v pni or v w time series, t /Yt is the conjugate of the output computed using the FT BPF from the complex-valued zero-mean v q time series, x is the number of data points, x f 10 is the adopted number of data to be cut o at the ends of the time series, and is an oscillation period.
Examples of square roots of cross-spectra for the pressure and the wind terms are presented in Fig. 6 . These results con®rm those obtained from the analysis of correlation coecients. Maxima of the common energy of polar motion and zonal EAAM excitation functions occur in mid-latitudes for both prograde and retrograde parts of the cross-spectra. The inverted barometric correction of these pressure terms decreases the amplitudes of common oscillations in northern belts and eliminates them in the southern ones. The crossspectra between the v w wind terms of the zonal EAAM and the v q polar motion excitation functions have a random character. Thus, these v w terms do not have any meaningful in¯uence on the variations of polar motion, although some maxima are visible in mid-latitudes.
Large peaks of cross-spectra between the v pni pressure term and the v q polar motion excitation function occur around periods of 20, 30, 40±50 and 60 days and 80±150 days in the prograde part. In the retrograde part they reach maximum values around 20, 30, 40 and 50±70 days (Fig. 6a,b) . The cross-spectra between the v w and the v q show mainly oscillations with periods of about 40±60 days and 90±110 days in the prograde and of about 20, 30, 40±50, 60±70 and 90 days in the retrograde parts (Fig. 6c,d) . The northern and southern mid-latitude belts are the regions contributing mostly to the short period oscillations of v 1 , v 2 of EAAM excitation functions in the considered period range, for pressure without inverted barometric correction. In most cases the northern belts are land areas, covering Europe, Asia with part of Siberia, North America and part of northern Atlantic and Paci®c. The southern belts are dominated by midlatitude southern Paci®c. Adding the inverted barometric correction increases the contributions of the EAAM excitation functions for the mid-latitude lands of the Northern Hemisphere. The maximum contribution of the pressure terms of the EAAM excitation function to the polar motion excitation function occur also in the northern mid-latitudes.
